Unique XCI evolution in Tokudaia: initial XCI of the neo-X chromosome in Tokudaia muenninki and function loss of XIST in Tokudaia osimensis.
X chromosome inactivation (XCI) is an essential mechanism to compensate gene dosage in mammals. Here, we show that XCI has evolved differently in two species of the genus Tokudaia. The Amami spiny rat, Tokudaia osimensis, has a single X chromosome in males and females (XO/XO). By contrast, the Okinawa spiny rat, Tokudaia muenninki, has XX/XY sex chromosomes like most mammals, although the X chromosome has acquired a neo-X region by fusion with an autosome. BAC clones containing the XIST gene, which produces the long non-coding RNA XIST required for XCI, were obtained by screening of T. osimensis and T. muenninki BAC libraries. Each clone was mapped to the homologous region of the X inactivation center in the X chromosome of the two species by BAC-FISH. XIST RNAs were expressed in T. muenninki females, whereas no expression was observed in T. osimensis. The sequence of the XIST RNA was compared with that of mouse, showing that the XIST gene is highly conserved in T. muenninki. XIST RNAs were localized to the ancestral X region (Xq), to the heterochromatic region (pericentromeric region), and partially to the neo-X region (Xp). The hybridization pattern correlated with LINE-1 accumulation in Xq but not in Xp. Dosage of genes located on the neo-X chromosome was not compensated, suggesting that the neo-X region is in an early state of XCI. By contrast, many mutations were observed in the XIST gene of T. osimensis, indicating its loss of function in the XO/XO species.